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The objective of this program is to establish a generic method for the growth of
thin single crystal films of important organic nonlinear optical materials and
measurement of their nonlinear optical properties. Through the last year's effort
we have successfully prepared single crystal films of three organic materials which
are: i) (N-4-Nitrophenyl)-L-prolinol) abbreviated as NPP, ii) 2-cyclooctylamino-5-
nitropyridine, abbreviated as COANP, iii)4'-N,N-dimethylamino-4-N-methylstilbazolium
toluene-p-sulfonate, abbreviated as DAST. These materials have very large second
order susceptibilities. Both NPP and COANP have an amphiphillic molecular structure,
while DAST is an organic molecular salt. The single crystal films were prepared by
a method called the "shear method", with appropriate choice of the growth conditions.
The shear method involves crystal growth at an interface and was originally applied
to the growth of polydiacetylene films. Our results show that using the principles
involved in the shear method, if the growth conditions are prop-rly optimized for
each compound, then molecules other than diacetylene are possible to organize as
single crystal films. The only major condition that needs to be satisfied for this
method to be applicable is that the molecule must be of an elongated shape with

polar chemical groups at one or both ends.
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The objective of this program is to establish a generic method for the growth of thi6
single crystal filmn: of important organic nonlinear optical materials and measurement of their
nonlinear optical properties. Through the last year's effort we have successfully prepared single
crystal films of three organic materials which are: i) (N-(4-Nitrophenyl)-L-prolinol) abbreviated
as NPP, ii) 2-cyclooctylamino-5-nitropyridine, abbreviated as COANP, iii) 4'-NN-dimethylamino-
4-N-methylstilbazolium toluene-p-sulfonate, abbreviated as DAST. These materials have very
large second order susceptibilities. Both NPP and COANP have an amphiphillic molecular
structure, while DAST is an organic molecular salt. The single crystal films were prepared by
a method called the "shear method", with appropriate choice of the growth conditions. The shear
method involves crystal growth at an interface and was originally applied to the growth of
polydiacetylene films. Our results show that using the principles involved in the shear method,
if the growth conditions are properly optimized for each compound, then molecules other than
diacetylene are possible to organize as single crystal films. The only major condition that needs
to be satisfied for this method to be applicable is that the molecule must be of an elongated shape
with polar chemical groups at one or both ends.

The films that we obtained for COANP and NPP were more than 1 cd in area and about
3gtm in thickness. The surface orientations of these films as determined by x-ray diffraction, were
(100) and (101) respectively. For DAST we obtained films that were about 5mm x 5mm in area
with a surface orientation of (101). Polarized optical microscopic studies have shown that these
films have excellent optical quality, This is the first time that single cWystal thin filnis of o-an*ic
second oider opnical nmtetials have been pnpa•d. The second order optical susceptibilities of
these films were measured by second harmonic generation (SHG) using a Nd:YAG laser. Since
the thickness of these films was less than the typical coherence length (-20gtm), phase-matching
was not necessary to consider in analyzing the SHG data.

The second harmonic generation measurements were made under various polarization
conditions while the film was rotated in a plane perpendicular to the beam. Both the signs and
magnitudes of the second order optical tensor elements of the films were measured. The
calculated and observed SHG data for COANP and NPP are shown in Figs. 1 &2. The maximum
effective d-coefficients for NPP and COANP are 97pm/V and 56pm/V respectively. Thus NPP
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has a phase-matchable d-coefficient that is 18 times larger than that of LiNbq.
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Fig.2 a) The measured SH power of COANP b) The calculated SH power of COANP
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Fig.2 a) The measured SH power of NPP b) The calculated SH power of NPP

Since DAST is not transparent at 532nm wavelength (second harmonic for fundamental
at 1.06itm) SHG is not the best way to measure the nonlinearities. Therefore we used electrooptic
measurements for nonlinear optical characterization of DAST films. This measurement was made
using lock-in detection while applying an ac voltage across a single crystal film. The electrooptic
coefficient that we measured was about 365pm/V.

In addition to the second order optical materials, we have studied specific organic third
order optical materials such as polydiacetylene crystals which have very large off-resonant
nonlinearities. The bulk crystals were prepared by conventional solvent evaporation method while
the single crystal films were prepared by the "shear method". Two important optical experiments
were performed on these crystals and films. The first one was the z-scan technique which 0
provided information about the sign and magnitudes of the nonlinear refractive index in the off-

resonant domain. The magnitude was found to be lxlOscm2/MW and the sign was negative at
1.06pm wavelength. Using z-scan two photon absorption coefficient was also measured and
found to be 65cm/GW at 1.061mn. The other important experiment that was performed involved

or

t Sp-cial



a picosecond time resolved measurement in a Fabry-Perot cavity containing a PTM
polydiacetylene. This measurement has shown intensity modulation (upto 50%) at a picosecond
time scale, under a specific device configurationtion. This is the first time that a picosecond all-
Qpica device has been demonstrated for an organic material.

Very recently we have been successful in fabrication of waveguide structures using the
single crystal films of organic second order optical materials. Since molecular crystals are usually
soluble in common organic solvents, an appropriate polymeric film is required as a protective
barrier for photolithographic processing. We have used poly(vinyl alcohol) as a protective layer
on COANP and NPP to fabricate channel waveguides. Poly(vinyl alcohol) was chosen because
it can be cast as a film from a water solution leaving the molecular crystal film unaffected.
These preliminary results of success in waveguide fabrication clearly show that various device
microstructures can be fabricated using single sal films. While significant progress has been
made in device fabrication of electrooptic polymeric films, the major advantage of using single
crystal films is that they have significantly larger and stable electrooptic and nonlinear optical
coefficients. The selected materials also offer high temperature stability (melting point > 115 OC).

The future work will include optimization of the crystal growth conditions to produce
significantly larger (> 1 square inch) single crystal films of a variety of novel organic molecules.
Various waveguide microstructures including directional coupler, Mach-Zehnder interferometer
and other device geometries such as Fabry-Perot interferometer will be fabricated using those
films. Detailed understanding of the molecular organization depending on the nature of the
substrate suface, will be gained via studies using polarized FTIR microscopy and x-ray
diffraction. The films and device microstructures will be characterized by detailed linear and
nonlinear optical measurements. This research may lead to many novel and unique devices based
on single crystal films of novel organic materials.
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